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in exercised animals was observed in this 
laboratory in experimental Trypanosoma 
cruzi myocarditis of mice ( 1 1 ) . 

Summary. A cardiotropic strain of Cox- 
sackie A9 virus was inoculated intraperitone- 
ally into groups of adult C3H mice, one-half 
of which were vigorously exercised daily by 
swimming. Uninfected controls were studied 
in parallel. Among the infected mice, the vi- 
rus was isolated in high titer from the hearts 
of a significantly greater proportion of those 
that were exercised. The possible mecha- 
nisms by which exercise could augment repli- 
cation of virus in the myocardial tissue were 
discussed. On the ninth day after inocula- 
tion, the weight and relative weight of the 
heart were significantly greater in the exer- 
cised mice than in those that were not exer- 
cised. Among the exercised animals, the 
the weight and relative weight of the heart 
were significantly greater in those that were 
infected with virus than in those that were 
not infected. The increase in weight could 
not be attributed to increased water content 

or to inflammatory infiltrate. 

The technical assistance of Elaine Jeannotte is 
gratefully acknowledged. 
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Failure of Actinomycin D to Inhibit Antitoxin Production to a 
Challenging Injection of, Antigen.*+ (29697) 

BERNARD D. GELLER AND ROBERT S. SPEIRS 
Department of Anatomy,  Downstate Medical Center, State University of New York,  Brooklyn& 

Protein synthesis requires the presence of 
a specific mRNA, coded directly from DNA, 
which in bacteria appears to have a rapid 
rate of turnover( 1 ) .  This is in contrast with 
studies in higher forms which suggest the ex- 
istence of a long lived mRNA(2-6). Antibody 
is also synthesized by an mRNA coded from 
DNA(7,8,9) but it appears to require a spe- 
cific antigen to stimulate its production. In 
addition, the antigen establishes an “immu- 
nological memory” which leads to an aug- 
mentation of the gamma globulin production 
upon re-exposure. This augmentation must be 

* Actinomycin D was kindly donated by Dr. Clem- 
ent A. Stone, Merck Therapeutic Inst. 

t This work was carried out with the support of 
an N.I.H. Training Grant to Dept. of Anatomy and 
an A.E.C. Gwn$ to Dr. Speirs, 

due either to a rapid assembling of protein 
synthesizing units or to an accumulation of 
such units in the cells. Since nucleic acids 
may be involved, it is possible to determine 
their role by the use of nucleic acid inhibi- 
tors. Actinomycin D has been shown to in- 
hibit DNA-dependent RNA synthesis ( la) .  It 
was therefore of interest to determine if such 
an inhibition would affect antibody produc- 
tion in response to an injection of specific 
antigen in immunized mice. 

MateriaEs and methods. The animals used 
were adult BDF1/Jax mice, weighing ap- 
proximately 25 g. They were immunized by 
7 weekly subcutaneous injections of tetanus 
toxoid. The last sensitizing injection was 
given 9 months prior to the onset of drug 
treatment in order to obtain animals with 8 



ANTITOXIN PRODUCTION DURING ACTINOMYCIN TREATMENT 783 

WEIGHT OF BDF,MlCE 
I 1 

SALINE 

0.5 ug 

2.0 ug E d z 20 *=: 2.5 ug 

o h 7  ' Q ' ;o ' 309 12 

0 TIME (IN DAYS) 

I l M t  (IH PAYS) 0' a I Z  

FIG. 1. Effect of Actinomycin D on body weight 
of BDFI mice. Weight records of groups receiving 
2.0 pg and 2.5 pg were maintained only to the date 
of the first death in each group. 

FIG. 2. Antitoxin titers in immunized mice treated 
with Aatinomycin D. Numbers on the right indicate 
the proportion of animals surviving the Actinomycin 
D treatment. 

high degree of sensitization and low antitoxin 
titers. 

ThC toxicity of Actinomycin D was deter- 
mined in these mice using weight loss as well 
as lethality as criteria. Twenty-four mice 
were divided into 4 equal groups and injected 
daily, S.C. with 0.2 ml of solution containing 
either 0.5 pg, 2.0 pg or 2.5 pg Actinomycin 
D dissolved in nonpyrogenic saline. Each 
animal was weighed daily throughout the 
drug treatment. 

The remaining 60 animals were divided 
into 4 groups and injected with the same so- 
lutions as above. Immediately after the 3rd 
injection od Actinomycin D, these animals 
were given an i.p. injection of 0.2 ml of teta- 
nus toxoid ( Aluminum-Phosphate- Adsorbed, 
Lederle). Blood samples were taken from the 
tail vein prim to the drug treatment (Day 0) 
and 101 days after the challenging injection of 
antigen (Day 12). The drug injections were 

then terminated and the animals allowed to 
recover for 10 days at  which time another 
sample of blood was taken (Day 22). Anti- 
toxin levels were determined by bioassay 
against 10 mld tetanus toxin( 11). 

Results. The results of the toxicity test 
are shown in Fig. 1. I t  can be seen that in- 
jections of 0.5 pg of Actinomycin D had no 
appreciable effect on total body weight as 
compared with the saline controls. Injections 
of 2.0 pg, on the other hand, resulted in an 
average weight loss of 6 g during the first 10 
days. Injections of 2.5 pg showed similar 
weight losses and the first death occurred 
after eight days. Approximately 50% of the 
animals receiving 2.0 pg and 2.5 pug Actino- 
mycin D daily were dead by the 12th day. 

The antitoxin titers in the BDFl mice 
which had been given a challenging injection 
of antigen during the Actinomycin treatment 
can be seen in Fig. 2. All animals in the 
groups receiving 0.5 p g  and in the saline con- 
trols survived, while 10 out of 19, and 8 out 
of 19 survived in the groups receiving 2.0 Jug 
and 2.5 pg respectively. Both the control and 
experimental groups responded to the reinjec- 
tion with significant increases in antitoxin 
titers. The animals receiving 0.5 pg Actino- 
mycin D had higher titers with somewhat 
greater variations than the saline injected 
controls. Animals injected with 2.0 pg had 
slightly lower titers, and those injected with 
2.5 pg  had titers which were markedly lower 
than the saline controls. Actinomycin, in all 
dose levels administered, resulted in toxic 
manifestation in the area of injectioa, includ- 
ing loss of hair and marked signs of necrosis. 
After 13 consecutive daily injections the sur- 
viving animals were allowed to recover and 
the antitoxin titers determined on day 22.  In 
both control and experimental groups the 
antitoxin titers had continued to increase, 
with the highest rate of increase found in 
animals injected with 2.0 pg and 2.5 pg of 
the Actinomycin. 

Discussion. The results obtained indicate 
that Actinomycin D, in doses sufficiently 
large to cause marked weight loss and death, 
did not prevent previously sensitized recipi- 
ent mice from responding to a reinjection of 
antigen with the production of specific anti- 
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body. Actinomycin D in doses of 2.0 p g  and 
2.5 pg were definitely toxic to the recipients 
as evidenced by the characteristic symptoms 
of alopecia, stomatitis, splenic emaciation, 
etc. Although animals receiving these doses 
were not able to maintain their body weight, 
they were able to produce large quantities of 
antitoxin following a challenging injection of 
antigen. These data are in agreement with 
Wust et aZ(12) who reported that after single 
injections of Actinomycin D a delay occurred 
in the appearance of antibody but there was 
no reduction in the total antibody produced. 
The data obtained with .5 pg Actinomycin 
are similar to those of Smiley et aZ(8) who 
reported that low doses of Actinomycin D 
may produce slightly higher antibody titers 
than control animals. Since it has been 
pointed out that extremely low concentra- 
tions of the drug are sufficient for an inhibi- 
tory effect on DNA-dependent RNA synthe- 
sis( 13,14), it is highly likely that doses of 
Actinomycin D sufficiently high to cause 
weight loss and death would also inhibit syn- 
thesis of mRNA. 

At least 2 possible explanations exist for 
the appearance of antibody after a challeng- 
ing injection in Actinomycin treated mice: 
A)  the antibody present was stored in the 
animals in a bound state and released there- 
after; or B) the templates for the production 
of specific antibody exist in an inactive form 
in immunized animals, and are merely reacti- 
vated by the presence of antigen. The first 
possibility is not likely since, as shown by 
Taliaferro ( 15) and Stavitsky ( 16), labeled 
amino acids are rapidly incorporated into 
antibody after a challenging injection, indi- 
cating de novo synthesis. 

In  view of the amount of antibody pro- 
duced and the continued production over sev- 
eral weeks, i t  seem likely that antibody pro- 
duction must be due to an activation of a 
mechanism for synthesis of this particular 
protein. Gamma globulin synthesis, like that 
of all protein synthesis is dependent upon the 
presence of a specific mRNA associated 
with ribosomes in the presence of acti- 
vated amino acids in the form of amino- 
acyl-sRNA(8,9,10). The mRNA in turn 
i s  synthesized in accordance with a spe- 

cific code present in the genome of the cell. 
Since new mRNA production is inhibited by 
Actinomycin D, it appears likely that the 
specific mRNA needed for antibody produc- 
tion must be present in an inactivated form 
prior to the antigen reinjection. Speirs ( 17)  
has suggested that one molecule of antigen 
can inactivate a specific mRNA forming an 
antigen-RNA complex. This complex can be 
passed from cell to cell and results in a sen- 
sitization of the cell to specific antigen. Re- 
exposure to the antigen results in a breaking 
up of the complex and a release of mRNA 
which is utilized for antibody production. 

Experiments concerning long-lived mRNA 
are not all based upon the same criteria for 
longevity. Bell and coworkers( 4,5,6) have 
reported RNA fractions which can function 
for long periods before degradation. On the 
other hand, Gross and Cousineau( 18) have 
reported a protein-synthesizing mechanism in 
sea urchin eggs which appears to lie dormant 
until activated by fertilization. This latter 
form, the inactivated mRNA, resembles the 
situation in immunity as described here. The 
mRNA appears to become activated by anti- 
gen in a manner similar to the activation of 
the sea urchin eggs by fertilization. This in- 
dicates that 2 types of persisting mRNA may 
be present: an activated mRNA with a long 
half life, and an inactivated mRNA which 
can exist for long periods prior to activation. 
It is possible that the inactivated mRNA 
may be responsible not only for immunologi- 
cal memory, but also for induced enzyme 
synthesis ( 19) and non-genomically controlled 
protein production ( 1 8 ) . 

Summary. Daily injections of Actinomycin 
D, which were sufficiently high to produce 
marked weight losses and other toxic mani- 
festations, failed to eliminate antitoxin pro- 
duction to a challenging injection of tetanus 
toxoid. Since DNA-dependent RNA synthe- 
sis was presumably inhibited, the data sup- 
port the existence of a persisting inactivated 
mRNA, in a form which is activated by the 
reinjection of antigen. 

We thank Dr. S. Reid, Mr. M. Turner, Mr. L. Lip- 
sett, Mr. E. Genitles and Mr. C. Jones fcor technical 
assistance, and Mrs. E. E. Speirs and Mrs. S. Gelkr 
for suggestions during pmparation of bhis manuscript, 
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Inhibition by Lipopdysaccharide (Endoltoxin) of Antibody Response of 
Rabbit to Common Antigen of Enterobacteriaceae.* (296%) 

T. SUZUKI,~ H. TI. WHANG,~ E. A. GORZYNSKI AND E. NETER 
Departments of Bacteriology and Pediatrics, State University of New York at Buffalo Medical 

School; and Laboratories of Bacteriology, Children's Hospital and Roswell Park Memorial Institute, 
Bufalo, N .  Y.  

An antigen common to numerous, though 
not all, enteric, gram-negative bacilli was 
discovered by Kunin et aZ( 1) by means of 
the hemagglutination test with Escherichia 
coZi 014 antiserum. This common antigen 
(CA) readily attaches to erythrocytes, and 
the modified red blood cells are then specifi- 
cally agglutinated in the presence of the cor- 
responding antibody ( 1,2 ) . Surprisingly, the 
antibody does not cause bacterial agglutina- 
tion, although the common antigen is present 
on the surface of the cells, nor does it pro- 
duce precipitation of soluble antigen, ob- 
tained from heated cultures. Antibodies 
against CA are readily engendered after in- 
travenous injection of E. coZi 014, but nu- 

merous other serogroups od E. coZi and many 
species of enteric bacteria are not immuno- 
genic( 1) .  I t  was shown recently that injec- 
tion of the antigen from bacteria other than 
E .  coli 014, together with Freund's adju- 
vant, into the footpad of rabbits stimulates 
antibodies against CA in high titer(3). In 
contrast to the soluble antigen, CA attached 
in vitro to autologous or heterologous erythro- 
cytes, L cells, or to lymphocytes from pa- 
tients with leukemia, upon intravenous injec- 
tion into' rabbits, also elicits antibody forma- 
tion(4,S). Suzuki et aZ( 6 )  recently observed 
that CA from enteric bacteria other than E. 
coZi 014 is soluble in 85% ethanol and that 
intravenous injection of this fraction readily 
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engenders CA antibodies in the rabbit. Fur- 
thermore, injection of a mixture of the etha- 
no1 soluble and insoluble fractions results in 

Nat. Inst. of Allergy and Infect. Dis. U.S.P.H.S. 
- 
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Fellow. tion (6). These observatiolns suggested the 


